Introduction 27
Soils are the largest reservoir of carbon in the terrestrial biosphere (Batjes, 1996) . Minor 28 changes in soil organic carbon (SOC) storage can affect atmospheric carbon composition 29 (Johnston et al., 2004) . Several factors, such as climate change, land use change, land 30 management, etc., interact to regulate soil carbon storage (Xia et al., 2010) , and these factors 31 tend to exert their influence at different time scales (Syers, et al., 1970; Jenny, 1980) . However, 32 M A N U S C R I P T
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3 at the time scale of decades, land-use change is one of the important factors considerably 33 influencing soil carbon storage (Scott et al., 2002; Xia et al., 2011; Leifeld, 2013) . 34 Houghton (2003) showed that global land use changes since 1850 had caused 156 Pg of soil 35 carbon release into the atmosphere. In particular, the transformation of forests to agricultural 36 land and grassland will result in the decrease of soil carbon storage by 20-50% and ~20%, 37 respectively. Others (Schlesinger, 1986; Moraes et al., 1995; Knopes and Tilman, 2000; 38 Motavalli et al., 2000; Guo and Gifford, 2002; Murty et al., 2002) have obtained similar results, 39 which showed that SOC decreases 20-89% when forests are transformed into agricultural lands 40 depending on the region and vegetation. Furthermore, it is widely known that when agricultural 41 land changes to forest and grassland, soil organic carbon density (SOCD) will increases 42 significantly (Post and Kwon, 2000; Guo and Gifford, 2002; Martens et al., 2004) . Several 43 studies (Osher et al., 2003; Parfitt et al., 2003; Beniston et al., 2014) have investigated the 44 microcosmic mechanisms for various types of land use changes, and showed that each land use 45 has a steady SOCD attained when the soil carbon cycling reaches the state of equilibrium at a 46 certain climate condition as well as other environmental factors (Johnston et al., 2004) . 47
Sciences (RESDC, http://www.resdc.cn). The grid data with a resolution of 1 km, for the 1980s, 102 1995, and 2000, used a taxonomy of two levels with 6 first level types and 25 second ones. The 103 land use type of the first level included plow land (1), woodland (2), grassland (3), water regions 104 (4), constructed land (5), and unused land (6). In the second level, plow land (1) included paddy 105 fields (11) and dry farmland (12); woodland (2) included forests (21), shrub land (22) 
, where SOCD (i,j) denotes SOCD in the 124 (i,j) ,k is the value of grid (i,j) for land 126 use type k, i.e., the area percentage of land use type k in the grid (i,j). SOCD (i,j) was calculated 127 with the land use data from the 1980s to the 2000s to obtain two raster datasets for the respective 128 temporal points. SOCD (i,j) was calculated for each region, and then the raster data for the five 129 regions were integrated to obtain the data for the whole study area. The raster data for the 1980 130 were subtracted from those for the 2000 using the map algebra function in ArcGIS to obtain the 131 raster data describing the soil carbon sources/sinks. 132
Areas of land use changes 133
Raster data analysis tools in ArcGIS, e.g., Reclassify, Raster calculator, etc., were used to 134 calculate the area of each land use type. 
average values of SOCD of t and k respectively, in each region. Carbon storage change from k 148 into t (CSC k→t ) was calculated by: CSC k→t =SOCD k→t ×C k→t . 149
Uncertainty analysis 150
Uncertainties from the calculation and statistics of SOCD k→t and CSC k→t were estimated using a 151
Monte Carlo method and the errors have been given in standard deviation (SD) after the sign of 152 "±" in related figures. 153 154
Results and discussion 155

SOCD and storage by land use type 156
The statistical result of SOCD for various land use types in the study area is shown in Fig.2 . 157
The columns in the figure denote the average values, and the upper and bottom error lines denote 158 the 9/10 and 1/10 quantiles, respectively. In plow lands, paddy fields typically show higher 159 SOCD compared to dry farm land. Forest and shrub lands had higher SOCD values compared to 160 thin forested land. For construction lands, urban land SOCD was higher than that for rural 161 residential areas. It should be noted that the MPRGS samples from urban lands were typically 162 collected in the green fields of cities. Therefore, urban land SOCD was actually representative of 163 city green fields. Unused land had a high variety of SOCD values in the second land use levels, 164 including the highest values for swampland and the lowest values for sand land. 165
The SOCDs for each land use type in NE, NC, EC, SC, and CC are shown in Table 1 , which 166 provides the averages and standard deviations. SOCD in an ecosystem is controlled by soil 167 carbon inputs (e.g. litter) and outputs (e.g. soil respiration). It reaches equilibrium at a steady 168 Table 1 can be regarded as the equilibrium values under each land use, as the majority 171 of the samples have been in a steady land use type and climate condition for decades, or even 172 centuries, so it is reasonable to assume that they have reached the equilibrium. 173
The storage of surface SOC under each land use type for each region is calculated and 174 provided in Table 2 . The study area, which was approximately 2.96×10 6 km 2 , had a total carbon 175 storage of approximately 9.22 Pg. NE had the largest soil organic carbon stock of 3.13 Pg 176 followed by 2.05 Pg in CC. From the perspective of land use, forested land had the largest SOC 177 storage because of its high SOCD. Dry farm land and paddy fields also had high carbon storage 178 because they were dominant land use types in the study area. 179
The spatial distributions of the soil carbon sources/sinks 180
The SOCD equilibrium will be disturbed when one land use type is changed to another, and 181 reaches a new equilibrium after a period time, usually in the scale of several decades (Kutsch et 182 al., 2009) . China has seen dramatic land use changes in recent decades as described by Liu et al. 183 (2002 Liu et al. 183 ( , 2014 . The maps of land use in the study area, for 1980 and 2000 respectively, were given 184 in Fig. 3 . 
Statistics from regional perspective 211
When a land use type with higher SOCD is changed to another with lower one, soil carbon 212 storage will decrease until a new equilibrium is reached, i.e., the soil has a potential to act as a 213 carbon source, provided there is no other disturbances such as climate change, change of soil 214 management etc. And also, when a land use type with lower SOCD is changed to another with 215 M A N U S C R I P T
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11 types of land use changes in the study area. Some of them will act as a carbon source and others 217 as a carbon sink. Based on spatial analysis and statistics with GIS, total carbon decrease and 218 increase in each region was calculated and presented in Table 3 also gives comparison of soil carbon change among the regions, which shows that land 227 use changes in NE had the most significant effect on soil carbon storage. Both land use data in 228 this study and those in literature of Zhang et al. (2006) showed that NE had the most significant 229 land use changes in the last decades. Also, NE had relatively higher SOCD variances among the 230 different land use types. So, carbon storage change in this region is most significant. 231 Table 4 presents the soil carbon changes by the initial land use for each region i.e. during 233 1980s. The result shows that forest land, swamp land, and paddy fields are the main soil carbon 234 sources. Forest land, especially in NE, was transformed to dry farm land, which caused a carbon 235 loss. This type of transformation leads a soil carbon decrease of ~14.9 Tg in the study area. Soil 236 carbon change of swamp land occurred also in NE. It was transformed to paddy fields and dry 237 farmland by ~1900 km 2 and ~ 2280 km 2 and caused a carbon loss of 3.17 Tg and 5.34 Tg 238 respectively. Paddy fields were another carbon source. Some of them were transformed to dry 239 M A N U S C R I P T
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farmland in NE, and to urban land in other regions, thus a little soil carbon source was formed. 240
Dry farmland in the study area totally forms a carbon sink. Some of it was transformed to paddy 241 fields, and forest land in NE, and EC, and CC to form a carbon sink, at the same time, some was 242 transformed to urban land, especially in NC, SC, and CC to form a carbon source, and the 243 aggregated result is a carbon sink. Some area of lake in NE was transformed to swamp land, and 244 it forms a small carbon sink. Details of the typical types of land use change in each area and its 245 soil carbon effect was given in Tables S1 to S5 Table 2 Soil carbon storage by various land use types in eastern China. 385 Table 3 Soil carbon sources/sinks caused by land use changes in each region. 386 Table 4 Soil carbon sources/sinks by land use changes in the study area (Tg). 387 M A N U S C R I P T It was corrected by multiplying 36% as samples in urban land were typically collected from green fields in cities. 
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